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[57] ABSTRACT 
This invention provides a PTC heating wire (12), (13) of 
a tubular or band form which comprises a pair of elec 
trodes (2), (2’), a PTC resistor (3) provided between the 
electrodes, and 1an insulative sheath (4) covering the 
electrodes and resistor, in which a numerical formula 
for setting a resistance, RE, within a tolerance range 
including an optimum resistance value is ?rst deter 
mined. In practice, the resistance, R5, of the electrodes 
(2), (2') is properly determined, according to use condi 
tions, using the numerical formula, thereby obtaining a 
PTC heating wire which ensures safe service. 

13 Claims, 10 Drawing Figures 
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PTC HEATING WIRE 

TECHNICAL FIELD 

This invention relates to PTC (positive temperature 
coef?cient) heating wires useful as heating appliances 
and ordinary heating apparatus and provides PTC heat 
ing wires of high quality in which an appropriate elec 
trode resistance is set according to use conditions in 
order to assure safe service. 

BACKGROUND TECHNIQUES 
Conventional PTC heating wires are arranged as 

shown in FIGS. 1 and 2. The wire of FIG. 1 has cores 
1, 1’ and metallic foil electrodes 2,2’ spirally wound, 
rspectively, about the cores, which are entirely covered 
with a PTC resistor 3 and an insulative sheath 4 in this 
order. The wire of FIG. 2 includes a core 1, which is 
covered, as shown, with an electrode 2, a PTC resistor 
3, an electrode 2’ and an insulative sheath 4 in this order. 
When these PTC heating wires are energized by appli 
cation of a voltage between the electrodes 2 and 2', the 
electrodes 2,2’ as well as the PTC resistor 3 generate 
heat. The amount of heat generated from the electrodes 
2,2’ depends chie?y on the electrode resistance and the 
electric current, and the heat generated in the electrode 
is greater at a portion which is nearer to the voltage 
applied point. This is considered for the reason that the 
electric current passing through the electrodes 2,2’ is 
greater at a portion nearer to the voltage-applied point 
because of the leakage current from the electrodes 2,2’ 
to the PTC resistor. This leads to the fact that when the 
resistance of the electrode per unit length is high, the 
leakage current to the PTC resistor 3 becomes great 
with a wide distribution of the heat in the electrode. 
FIG. 3 is a schematic view of wire connections which 
enable the drop of voltage by the electrode resistance to 
be minimized and also the non-uniformity of generated 
heat along the heating wire to be minimized. As shown 
in the ?gure, a voltage is applied between one end of the 
electrode 2 and the other end of the other electrode 2’. 
In these wire connections, when the ratio of the elec 
trode resistance to the PTC resistance is high, the distri 
bution of a generated heat density becomes great. The 
electric circuit of the PTC heating wire using the wire 
connections will be shown in FIG. 4. The PTC heating 
wire involves a “ladder-type circuit” of the resistances 
of the electrodes 2, 2’ and the resistance of the PTC 
resistor 3. Assuming that the heating wire is cut to unit 
length, a resistance of unit length of one electrode is 
represented by RE and a volume speci?c resistance 
under stable conditions of the PTC resistor per unit 
length is represented by RPTC. L means a unit conduc 
tion path length of the PTC heating wire. In the model 
circuit of FIG. 4, the density distribution becomes 
greater at a higher value of R E. If the distribution is too 
wide, such PTC heating wire cannot stand practical 
use. 

Moreover, if the electrode resistance is high, the heat 
generated in the electrode becomes great, presenting 
the safety problem. In particular, when a continuous 
PTC heating wire is applied as electric articles of high 
electric capacity, the electrodes 2, 2’ reach high temper 
atures under abnormal, heat-insulated conditions be 
cause of the absence of self-temperature control func 
tion and thus the heating wire cannot be safe. 

In order to solve the problem, it is necessary to re 
duce the electrode resistance. However, if the electrode 
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2 
resistance is reduced limitlessly, other two problems 
may take place depending on the conditions for use. 
One of the problems is that for better electric conduc 
tivity, the electrodes 2,2’ must have a larger size with a 
dif?culty for mounting. The larger size of the electrodes 
2,2’ involves not only the difficulty for their mounting, ' 
but also the very high possibility of damaging the PTC 
resistor 3 on bending and breaking the electrodes 2,2’ 
per se. 
Another problem may be left even after removal of 

the limitation on the mounting as described below. 
If the electrode resistance is made small, the drop of 

voltage caused by the electrodes 2,2’ becomes small 
with a small distribution of generated heat. This makes 
a small amount of heat generated in the electrodes, so 
that most of heat generated in the PTC heating wire is 
attributed to the heat from the PTC resistor 3. The 
electric current passing through the PTC heating wire 
depends largely on the resistance of the PTC resistor 3 
and thus the ratio of a rush current at the time of com 
mencement of energization and a current at the time of 
stable energization (hereinafter referred to simply as 
rush current ratio) is dependent fully on the PTC char 
acteristic. If the rush current at the time of commence 
ment of energization is permitted to pass through the 
PTC heating wire of a continuous form in amounts two 
or more times the current under stable conditions, ab 
normality is apt to occur locally, leading to a serious 
safety problem of breakage or burning of the PTC heat 
ing wire. For instance, when the PTC heating wire is 
applied to ordinary domestic heating appliances and the 
PTC characteristic of the PTC resistor 3 is such that the 
temperature coef?cient at 70° C. is about 3 times higher 
than at 20° C. with respect to resistance as particularly 
shown in FIG. 5, the rush current at 20° C. will exceed 
2000 W provided that the electric power under stable 
conditions is 700 W. In addition, the distribution of heat 
generation is very wide. To avoid this, it may occur to 
one that a PTC resistor, which has a smaller tempera 
ture coefficient than the temperature coef?cient of the 
PTC resistor shown in FIG. 5, is used. However, this is 
disadvantageous in that the self-temperature control 
function of the PTC heating wire is weakened, thus 
laking stabilities against variations of voltage, room 
temperature and load. In this sense, the use of such PTC 
resistor is not appropriate for fabrication of a heating 
wire utilizing the PTC characteristic. 
As will be appreciated from the above, when the 

electrode resistance of the PTC heating wire is too 
high, there are involved several problems that the distri 
bution of heat generation is so great that the heating 
wire cannot stand practical use and that the heating 
wire becomes hot under abnormal heat-insulated condi- ' 
tions, so that the safe service of the wire is not ensured. 
On the other hand, when the electrode resistance is too 
small, the afore-described mounting and safety prob 
lems are produced. 

DISCLOSURE OF THE INVENTION 

This invention relates to PTC heating wires useful as 
heating appliances and ordinary heating apparatus and 
provides PTC heating wires in which the distribution of 
generated heat, the rush current ratio and the safety 
margin under abnormal heat-insulated conditions of 
PTC heating wires are determined in relation to the 
electrode resistance whereby there are obtained PTC 
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heating wires of high quality which involve no safety 
problem. 
The present invention contemplates to provide a 

PTC heating element of a tubular or band form which 
comprises a pair of electrodes facing each other, a PTC 
resistor provided between the paired electrodes and 
having a positive resistance temperature coefficient, and 
an insulative sheath for covering the paired electrodes 
and the resistor. In the PTC heating element, when a 
resistance of the electrodes per unit length is taken as 
R]; [ohms/m], a unit conduction path length of the PTC 
heating element is taken as L [m], and a PTC character 
istic of the PTC resistor is expressed as a ratio, R70/R20, 
in which R70 represents a resistance at 70° C. and R20 
represents a resistance at 20° C., R}; should be a value 
satisfying the following relationship at arbitrary values 
of R70/R20 and L 

1.44 - 5 log (L X RE) 

One embodiment of the invention is described with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a PTC heating wire 
according to one embodiment of the invention; 
FIG. 2 is a schematic view of a PTC heating wire 

according-to another embodiment of the invention; 
FIG. 3 is a view showing terminal connections of a 

PTC heating wire according to one embodiment of the 
invention; 
FIG. 4 is a model circuit diagram of the PTC heating 

wire according to one embodiment of the invention; 
FIG. 5 is a characteristic curve of the PTC heating 

wire according to one embodiment of the invention; 
FIG. 6 is a schematic view of an article using the 

PTC heating wire according to one embodiment of the 
invention; . 
FIG. 7 is a characteristic curve of the PTC heating 

wire according to one embodiment of the invention; 
FIG. 8 is a graphical representation of a potential 

distribution within electrode, a distribution of heat gen 
eration, a temperature distribution and a PTC resistance 
distribution of a conventional heating wire; 
FIG. 9 is a graphical view of the relation between 

degree of non-uniformity of heat generation in a heating 
wire of the invention and REXLZ/RPTC, and 
FIG. 10 is a view showing the relation between 

length of a heating wire in ordinary heating appliances 
and electric power. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiments of the invention are as shown in FIGS. 
1 and 2 and fundamentally comprise cores 1,1’, elec 
trodes 2,2’, a PTC resistor 3 provided between the elec 
trodes 2,2’, and an outer sheath 4. A heating appliance 
using these PTC heating wires may be an electric carpet 
as shown in FIG. 6. In FIG. 6, a carpet body 11 includes 
PTC heating wires 12, 13, each arranged in zigzag form, 
and a cord distributor 14 provided at one corner of the 
body 11 through which the PTC heating wires 12, 13 
and a power cord 15 are connected. The PTC heating 
wires 12, 13 and the power cord are connected such that 
a supply voltage is applied between one end of the 
electrode 2 and the other end of the other electrode 2’ as 
shown in FIG. 3. As described before, this manner of 
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4 
connection is effective in minimizing the degree of non 
uniformity of heat generated at different portions of the 
heating wire as will be caused by the leakage current to 
the PTC resistor 3. The PTC heating wires 12,13 may 
be expressed by the circuit pattern shown in FIG. 4. 
Where the PTC heating wires 12, 13 are employed in 

the electric carpet shown in FIG. 6, the ratio of a cur 
rent at the time of commencement of energization of the 
electric carpet and a current at the time of stable energi 
zation (i.e. the rush current ratio) is considered to have 
close relation to the PTC characteristic and also to the 
length of the PTC heating wires 12, 13 as expressed by 
the unit conduction path length and the electrode resis 
tance. We experimentally found that the PTC charac 
teristic, length of the heating wire and electrode resis 
tance were interrelated with one another in order to 
decrease the rush current ratio. The experimental re 
sults are shown in FIG. 7. A number of PTC heating 
wires were made using various combinations of elec 
trodes which had a unit conduction path length of 40 m 
and different resistances, RE, and PTC resistors 12, 13 
having different PTC resistances and PTC characteris 
tics (i.e. ratio, R70/R20 in which R70 represents a resis 
tance at 70° C. and R20 represents a resistance at 20° C.). 
These wires were built in for use as electric carpets and 
subjected to an energization test. The relation between 
R70/R20 and R5 for the rush current ratio of 2 is plotted 
as “o” in curve (a) of FIG. 7. Likewise, PTC heating 
wires having a unit conduction path length of 20 m and 
various combinations of electrode resistances and PTC 
characteristics were made and subjected to the energi 
zation test. The values which had a rush current ratio of 
2 are plotted as “x” in curve (B) of the ?gure. Based on 
these results, the following relationship using R70/R20, 
RE and L was deduced. 

= log(L >< RE) 

The above relationship is well coincident with the 
experimental results of FIG. 7, thus succeeding in gen 
eralization. Because the rush current ratio should be not 
greater than 2, the above relationship should be 

1.44 2 log (L x RE) 01 
_ log(Rm/Rzol — 0-20 

When the above relationship is used in which the PTC 
resistor is made, for example, of a material having a 
PTC characteristic, R70/R20, of 3.0 and the length of 
the PTC heating wire is 42 m, the lower limit of the 
electrode resistance required for the rush current ratio 
of not greater than 2 is 0.29 [ohm/m]. _ 
On the other hand, a PTC heating wire having a high 

electrode resistance value (RE=l.6—2.O ohms/m) was 
assembled as an electric carpet as shown in FIG. 6, and 
was subjected to a heating test. It was found that the 
surface temperature greatly differed between peripheral 
and central portions, so that it was inconvenient to use 
such carpet since the temperature of the carpet changed 
with location. This is considered due to the fact that the 
heat generation density of the PTC heating wire greatly 
differs between the end and central portions of the wire. 
In other words, the difference is considered to be attrib 
uted to the fact that because of the leakage current to 
the PTC resistor 3, the electric current passing through 
the electrodes 2,2’ is greater at the portion where volt 
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age is applied. To avoid this, it is necessary to reduce 
the electrode resistance, but it is not known how to 
reduce the resistance. To clarify this problem, measure 
ments were effected in detail with respect to the poten 
tial distribution within the electrodes, heater tempera 
ture, and amount of generated heat. A PTC heating 
wire was made using electrodes which had a resistance 
per unit length of 0.4 ohm/m and such a PTC character 
istic of the PTC resistor as shown in FIG. 5. This heat 
ing wire was assembled in a-carpet body as shown in 
FIG. 6, followed by measurements of the potential 
distribution within electrode, heater temperature and 
generated heat distribution. The results are shown in 
FIG. 8, in which curve B indicates an amount of heat 
generated in the PTC heating resistor 3, curve C indi 
cates an amount of heat generated from the electrodes 
2,2’, and curve D indicates the total amount of gener 
ated heat. The length of the heater was 40 (m) and an 
AC voltage of 100 (V) was applied to the the heating 
wire in the manner of connection shown in FIG. 3. 
More particularly, AC 100 (V) was applied between the 
facing electrodes 2,2’ at opposite ends of the PTC heat 
ing element. The voltage drop caused by the electrode 
resistance becomes greater at a portion nearer to the 
terminal where the voltage is applied, and the voltage 
(indicated by broken line A in FIG. 8) applied to the 
PTC resistor 2 is minimized at the central portion. The 
amount of heat generated from the electrodes was cal 
culated based on the results of the measurement of the 
potential distribution, and the resistance of the PTC 
.resistor was determined from the results of the measure 
ment of the temperature distribution and the PTC char 
acteristic of FIG. 5. In addition, the amount of heat 
generated from the PTC resistor was determined from 
the voltage applied to the PTC resistor. The amount of 
heat generated from the electrode greatly differs be 
tween the voltage-applied portion and the central por 
tion, and the difference of the heater temperature is 
about 10° C., which depends on the difference in 
amount of generated heat. The PTC resistance differs 
according to the temperature difference, i.e. the PTC 
resistance is lower at the central portion. However, the 
voltage applied to the central portion of the PTC resis 
tor is also low, so that the amount of generated heat is 
not so different. In view of the above, the reason why 
the heater temperature is so differentiated as by about 
10° C. is considered due to the distribution of the cur 
rent passing through the electrodes based on the leak 
age current to the PTC resistor 3. To avoid this, it is 
sufficient to reduce the resistance of the electrodes. It is 
considered that the distribution of heat generated from 
the PTC heating wire is determined on the basis of the 
volume speci?c resistance of the PTC resistor 3 and the 
electrode resistance in relation to the length of the heat 
ing element. 

Therefore, PTC heating wires were made using vari 
ous combinations of electrode resistances, PTC resistors 
and lengths of the_heating wire, and used for similar 
experiments. As a result, it was found that the ratio in 
amount of generated heat between the central portion 
and the voltage-applied portion of the heating element 
was dominated according to a dimensionless value of 
REX LZ/RPTC, in which R5 represents a resistance per 
unit length of one electrode [ohm/m], L represents a 
unit conduction path length [m] of the'PTC heating 
wire, and Rprc represents a volume speci?c resistance 
[ohms-m] of the PTC resistor 3 under stable conditions. 
The “volume speci?c resistance under stable condi 
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6 
tions” means a volume speci?c resistance at the time 

. when the PTC heating wire is thermally saturated after 
energization. 
The relation between the dimensionless value and the 

heat generation distribution is shown in FIG. 9. When 
the value of R E-L2/ Rprc exceeds about 0.4, the distribu 
tion of heat generated becomes abruptly wide. It was 
also found that the relation between the dimensionless 
value and the generated heat distribution was invariably 
established almost irrespective of the applied voltage, 
heat-insulating conditions and the PTC characteristic of 
the PTC resistor. 

In order to make the ratio in heat generation between 
the central portion and the end portion of the PTC 
heating wire at 85% or higher, the following relation 
should be satis?ed. 

In this condition, the temperature difference, on the 
carpet surface, between the end and central portions is 
below about 3° C. without involving any practical prob 
lem. When the value of RE-LZ/RPTC exceeds 0.4, the 
heat distribution becomes wide abruptly, so that the 
carpet cannot stand practical use. 

Thus, since the degree of non-uniformity of heat 
generation is expressed by the dimensionless value 
which can be calculated from the electrode resistance, 
the length of the PTC heating wire and the volume 
speci?c resistance under stable conditions of the PTC 
resistor 3, an optimum electrode resistance of the PTC 
heating wire can be readily determined under any con 
ditions and on use of PTC materials having different 
characteristics. FIG. 10 shows the relation between 
length of a heating wire used in typical heating appara 
tus and supply power. In case where the PTC heating 
wire of the invention is applied to these apparatus, an 
optimum electrode resistance can be readily deter 
mined. For instance, when the PTC heating wire is 
utilized in electric carpet E, the length of the heater 
should be about 40 (m) with supply power ofabout 320 
W in order to attain an appropriate, uniform heating 
temperature. If the PTC resistor 3 having a volume 
speci?c resistance of about 1500 (ohms.m) under stable 
conditions is used, the electrode resistance should be 
below 0.375 (ohm/m). In the ?gure, indicated by F is a 
?oor heater, by G is an electric blanket, by H is an 
electric robe, by I is an electric cushion, and by J is a 
foot or bed warmer. 
The second problem involved in the case where the 

electrode resistance is great is solved as follows. The 
generated heat distribution becomes wide, when the 
electrode resistance is great, along with an increase in 
amount of generated heat. The electrodes 2,2’ have no 
PTC characteristic, so that if the amount of generated 
heat becomes too great, there is the danger that the 
heating wire is elevated to too high temperatures under 
abnormal, heat-insulated conditions. In other words, the 
electrodes 2,2’ have no self-temperature control func 
tion as the PTC resistor 3, so that it should be taken into 
consideration to restrict the amount of generated heat 
per unit length. This is very important when the PTC 
heating wire is applied to electric appliances of high 
electric capacity. As shown in FIG. 10, ordinary heat 
ing appliances should have an amount of heat of at least 
5 (W/m) in order to make a uniform heating tempera 
ture level. When applied to an electric carpet, the heat 
ing wire should have a length of at least 40 (m). 
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In order to clarify the relation between the amount of 
heat generated in the electrodes 2,2’ and the tempera 
ture of the heating element under thermally insulating 
conditions in case where the length is 40 (m) and the 
amount of generated heat is 5.0 (W/m), an experiment 
was conducted using electrodes having different resis 
tances. As a result, it was found that when an applied 
voltage was in the range of l00-l20 (V) and the elec 
trode had a high resistance exceeding 1.0 (ohm/m), the 
temperature of the PTC heating element exceeded 120° 
C. Similarly, when the applied voltage was in the range 
of 200-240 (V) and the electrode resistance exceeded 
4.0 (ohms/m), the temperature of the heating element 
exceeded 120“ C. In either case, only portions near 
terminals where the voltage was applied reached a max 
imum temperature. However, when the heating element 
was heated to temperatures over 120° C., it was experi 
mentally con?rmed that articles using such element was 
not safe and reliable. Accordingly, when the PTC heat 
ing wire of the invention is employed under conditions 
of an applied voltage of 100-120 (V), it is necessary to 
set the electrode. resistance at not larger than 1.0 
(ohm/m). Under conditions of an applied voltage of 
200-240 (V), the resistance should preferably be below 
4.0 (ohms/m). In this connection, however, if the 
amount of heat is increased over 5 (W/m), the upper 
limit of the electrode resistance should be smaller than 
the above-indicated value and thus it is necessary to 
strictly determine an upper value. 

In the above embodiment, the concept of the present 
invention is described using a method in which a volt 
age is applied between one end of one electrode 2 and 
the other end of the other electrode 2’ as shown in FIG. 
3. However, it is possible to apply a voltage between 
opposite ends of the respective electrodes 2,2’ in which 
one end of electrode 2 is short-circuited with the other 
end thereof and one end of the electrode 2’ is also short 
circuited with the other end. In this method, the appar 
ent unit conduction path length of the heating wire will 
be taken as L/2 in the practice of the invention. 

POSSIBILITY OF INDUSTRIAL UTILIZATION 

As described hereinabove, the range of an electrode 
resistance of the PTC heating wire including an opti 
mum electrode resistance can be determined according 
to an equation. This allows easy design of the heating 
wire which is highly safe, has no troubles on assembling 
in electric appliances, and is easy to handle. 
What is claimed is: - 
1. In a‘ PTC heating wire of a tubular or band form 

which comprises a pair of facing electrodes, a PTC 
(positive temperature coefficient) resistor having a large 
positive resistance temperature coef?cient and pro 
vided between the paired electrodes, and an insulative 
sheath provided about the paired electrodes and the 
resistor, the improvement in that when electrode resis 
tance per unit length is taken as RE [ohm/m], a unit 
conduction path length of the PTC heating wire is taken 
as L [m] and a PTC characteristic of the PTC resistor is 
expressed as a ratio, R70/R20, in which R70 represents a 
resistance of the PTC resistor at 70° C. and R20 repre 
sents a resistance at 20° C., the value of REis determined 
to satisfy the following relationship for arbitrary values 
Of R70/R20 and L 

0 

5 

65 

0.1 5 log (L >< R13) 

2. A PTC heating wire according to claim 1, wherein 
when a resistance of the electrode per unit length is 
taken as R); [ohm/m], a unit conduction path length of 
the PTC heating wire is taken as L [m] and a volume 
speci?c resistance of the PTC resistor under stable con 
ditions is taken as RpTc [ohm-m], the value of RE is 
determined to satisfy the following relationship for 
arbitrary values of Rprc and L, 

3. A PTC heating wire according to claim 2, wherein 
when a resistance of the paired electrode per unit length 
is taken as RE [ohm/m], R5210 [ohm/m] in an applied 
voltage range of l00-120 [V] and R5540 [ohm/m] in 
an applied voltage range of 200-240 [V]. 

4. In a PTC heating wire of a tubular or band form 
which comprises a pair of facing cores, electrodes spi 
rally wound about the respective cores, a PTC resistor 
provided between the electrodes and having a large 
positive resistance temperature coef?cient, and an insu 
lative sheath provided about the electrodes and the 
resistor, the improvement in that when electrode resis 
tance per unit length is taken as RE [ohm/m], a unit 
conduction path length of the PTC heating wire is taken 
as L [m] and a PTC characteristic of the PTC resistor is 
expressed as a ratio, R70/R20, in which R70 represents a 
resistance of the PTC resistor at 70° C. and R20 repre 
sents a resistance at 20° C., the value of RE is determined 
to satisfy the following relationship for arbitrary values 
of R70/R20 and L 

1.44 E l0g(L >< RE) 

5. A PTC heating wire according to claim 4, wherein 
when a resistance of the paired electrodes per unit 
length is taken as RE [ohm/m], a unit conduction path 
length of the PTC heating wire is taken as L [m] and a 
volume speci?c resistance of the PTC resistor under 
stable conditions is taken as RpTc [ohm-m], the value of 
RE is determined to satisfy the following relationship 
for arbitrary values of RpTc and L, 

6. A PTC heating wire according to claim 5, wherein 
when a resistance of the electrode per unit length is 
taken a RE [ohm/m], R5210 [ohm/m] in an applied 
voltage range of 100-120 [V] and R5540 [ohm/m] in 
an applied voltage range of 200-240 [V]. 

7. In a PTC heating wire of a tubular or band form 
which comprises a core, a ?rst electrode spirally wound 
about the core, a PTC resistor covering the core and the 
?rst electrode and having a large positive resistance 
temperature coef?cient, a second electrode spirally 
wound about the PTC resistor, and ‘an insulative sheath 
provided about the second electrode, the improvement 
in that when electrode resistance per unit length is taken 
as RE [ohm/m], a unit conduction path length of the 
PTC heating wire is taken as L [m] and a PTC charac 
teristic of the PTC resistor is expressed as a ratio, 
R70/R20, in which R70 represents a resistance of the 
PTC resistor at 70° C. and R10 represents a resistance at 
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20° C., the value of RE is determined to satisfy the fol 
lowing relationship for arbitrary values of R70/R20 and 
L 

0.1 < log(L >< RE). 

8. A PTC heating wire according to claim 7, wherein 
when a resistance of the electrode per unit length is 
taken as RE [ohm/m], a unit conduction path length of 
the PTC heating wire is taken as L [m] and a volume 
speci?c resistance of the PTC resistor under stable con 
ditions is taken as RPTC [ohm'm], the value of RE is 
determined to satisfy the following relationship for 
arbitrary values of Rpm and L, 

9. A PTC heating wire according to claim 8, wherein 
when a resistance of the paired electrode per unit length 
is taken as RE [ohm/m], RE; 1.0 [ohm/m] is an applied 
voltage range of 100-120 [V] and RE§4.O [ohm/m] is 
an applied voltage range of 200-240 [V]. 

10. In a method for forming a PTC heater wire by 
providing a pair of electrodes, providing a PTC (posi 
tive temperature coefficient) resistor between the paired 
electrodes, and providing an insulative sheath about the 
paired electrodes and the resistor, the improvement 
comprising the steps of: 

determining whether materials for said electrodes and 
said resistor satisfy a relationship 

R E [ohm/m] represents a resistance per unit length of 
the material to be used for said electrodes, 

L [m] represents a unit conduction path length of the 
PCT heater wire, and R70/R20 represents a PCT 
characteristic of the material to be used for said 
resistor, in which R70 represents a resistance of the 
resistor at 70° C. and R20 represents a resistance of 
the resistor at 20° C., and 
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10 
selecting for said electrodes and said resistor only 

materials which satisfy said relationship. 
11. The improved method of claim 10, comprising the 

further step of determining whether the materials to be 
used for said electrodes and said resistor satisfy a further 
relationship 

wherein 
RpTc[ohm-rn] represents a volume speci?c resistance 

under stable conditions of the material to be used 
for said resistor, 

and wherein said selecting step comprises selecting 
for said electrodes and said resistor only materials 
which satisfy both said relationship and said further 
relationship. 

12. In a PTC heating wire which comprises a pair of 
electrodes, a PTC (positive temperature coefficient) 
resistor provided between the paired electrodes, and an 
insulative sheath provided about the paired electrodes 
and the resistor, 

the improvement wherein said electrodes comprise 
material having a predetermined resistance'per unit 
length RE [ohm/m], said PTC heating wire is of a 
unit conduction path length, L [m], said PTC resis~ 
tor comprises material having a predetermined 
PTC characteristic R7o/Rz0 identifying a ratio of 
resistance of said resistor at 70° C. to resistance 
thereof at 20° C., and wherein the materials form 
ing said electrodes and said resistor are interrelated 
in accordance with 

0.1 § log(L >< RE). 

13. An improved PTC heating wire as recited in 
claim 12 wherein the materials forming said electrodes 
and said resistor are further interrelated in accordance 
with 

RgXLz/RprcécM 

wherein RpTc [ohm-m] represents a volume speci?c 
resistance of the PTC resistor under stable conditions. 

* * * 1k * 


